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ABSTRACT 


Nutrition  of  spruce  grouse  ( Canachites  canadensis) 
in  the  Swan  Hills  region  of  Alberta  was  investigated  throu 
studying  the  habitat,  gut  tract  contents  and  organ  weights 
of  195  birds  collected  in  all  months  of  the  year,  and 
through  feeding  experiments  with  birds  kept  in  captivity. 

During  that  part  of  the  year  when  the  ground  was 
covered  by  snow,  the  food  of  spruce  grouse  consisted  of 
99  per  cent  lodgepole  pine  ( Pinus  contorta )  needles  and 
1  per  cent  spruce  ( Picea  spp.)  needles.  Berries  of  bog 
cranberry  ( Vaccinium  vitis -idaea)  ripened  in  the  previous 
year,  were  consumed  as  soon  as  they  were  snow  free.  Buds 
of  white  spruce  {Picea  glauca)viere  the  first  new  growth 
utilized  in  spring  and  like  other  new  growth  were  found 
to  be  rich  in  protein.  Very  little  new  vegetation  was 
available  until  July,  well  after  laying  was  completed. 

In  summer  and  fall  the  main  foods  were  leaves,  flowers  and 
berries  of  tall  bilberry  ( Vaccinium  membranac  eum)  ,  and 
berries  of  bog  cranberry.  The  high  utilization  of  bog 
cranberries  by  breeding  females  and  chicks,  raises  a 
question  of  the  importance  of  these  berries  to  the 
distribution  and  numbers  of  spruce  grouse. 

The  winter  diet  is  low  in  some  minerals  that  may 
be  supplemented  by  minerals  in  grit  which  was  consumed 
in  large  quantities.  Grouse  with  access  to  soil  were  kept 
up  to  two  months  in  captivity  without  weight  loss  on  a 
diet  of  pine  needles.  The  gross  energy  of  pine  needles 
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was  quite  high  at  5.24  Kca 1  per  gram.  On  the  other  hand, 
the  metabolizable  energy  was  less  than  one  third  of  this 
value  because  of  the  high  content  of  indigestible  crude 
fiber  in  the  food.  The  crude  fiber  of  the  winter  food  was 
not  digested  to  a  significant  degree  and  was  handled  by 
an  increase  in  the  capacity  of  the  gut  tract  in  winter, 
and  by  a  separation  of  constituents  of  the  food  by  the 
ventriculus.  The  protein  content  of  winter  food  was 
only  8.25  per  cent  but  the  metabolizable  e n e r g y - p r o t e i n 
ratio  and  the  daily  energy  intake  were  adequate  for  body 
maintenance.  Host  amino  acids  of  pine  needles  were  in 
sufficient  quantity  to  meet  requirements  for  maintenance. 

Food  in  all  seasons  appeared  superabundant.  The 
grouse  studied  selected  favored  food  items  from  several 
potential  foods  available.  Growth  and  moulting  occurred 
when  foods  in  addition  to  pine  needles  were  available. 

During  reproduction  the  only  foods  available  were  conifer 
needles  and  o v e r -w i n t e r ed  bog  cranberries. 

Growth  of  wild  birds  stopped  at  roughly  the  same  time 
as  in  captive  birds  consuming  formulated  rations,  suggesting 
that  the  diet  of  the  wild  birds  was  near  an  optimum  for 
growth . 

Birds  collected  in  winter  appeared  to  be  in  better 
physical  condition  than  those  collected  in  July  and  August, 
further  indicating  that  the  winter  food  was  not  likely 
to  be  controlling  the  numbers  of  individuals  in  the 
population. 
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I  NTRO  DUCT  I  ON 


The  role  that  food  plays  in  population  regulation  has 
received  considerable  attention.  Lack  (  1 9  6  6 )  in  summa¬ 
rizing  studies  of  avian  populations  concluded  that  food 
was  the  ultimate  controlling  factor. 

Food  as  a  controlling  factor  can  affect  birds  at 
several  stages  of  the  life  history  of  the  individual. 

Though  much  of  Lack's  evidence  is  derived  from  studies 
of  nidicolous  forms  where  the  young  are  dependent  on  food 
brought  them  by  their  parents,  he  also  refers  to  studies 
of  nidifugous  red  grouse  ( Lagopus  scotious)  and  willow 
ptarmigan  ( Lagopus  lagopus)  done  by  Jenkins  and  Watson  in 
Scotland.  Jenkins  (1963)  found  that  the  main  controlling 
factor  to  population  size  was  the  breeding  density,  as 
determined  by  territory  size,  which  he  showed  to  be  de¬ 
pendent  on  food  supply  in  fall.  He  felt  that  breeding 
success,  though  also  affected  by  food,  was  not  critical 
to  the  population  since  a  surplus  of  young  was  produced 
even  in  bad  years.  This  refutes  S  i  i vonen  1  s  (1957)  hypothes 
that  the  controlling  factor  in  tetraonid  populations  was 
the  success  of  reproduction.  He  showed  a  correlation  of 
early  spring  temperatures  and  population  fluctuations 
in  European  tetraonids  and  concluded  that  early  spring 
growth  was  critical  to  health  of  females  and  through  them 
the  chicks.  Zwickel  (1965),  on  the  other  hand,  found  no 
evidence  for  this  hypothesis  while  studying  a  population 
of  blue  grouse  ( Dendragapus  obsouvus )  on  Vancouver  island. 
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Bump  et  at,  (1947)  in  reference  to  ruffed  grouse 
( Bonasa  umbettus)  ,  and  Boag  (1964)  in  reference  to  blue 
grouse  point  out  that  the  quantity  of  food  was  unlikely 
to  be  controlling  tetraonid  populations  since  ft  appears 
superabundant.  Koskimies  (1955),  Lauckhart  (1957),  and 
Boag  (1964)  suggested  that  quality  rather  than  quantity 
of  winter  food  may  be  critical  to  adult  survival  and/or 
egg  quality  and  thus  chick  survival. 

Lauckhart  (1957)  suggested  that  the  quality  of  conifer 
browse  could  change  when  these  trees  periodically  set  seed, 
thus  affecting  the  health  of  the  animals  feeding  on  them. 
Lodgepole  pine  ( Pinus  contorta)  on  which  the  spruce  grouse 
( Canaohites  canadensis)  in  the  region  studied  feed  heavily 
in  the  winter,  sets  seed  fairly  regularly  (Crossley,  1955). 
Furthermore,  there  is  no  evidence  that  the  food  of  ruffed 
grouse  fluctuates  in  quality  and  it  has  been  found  adequate 
for  winter  maintenance  (Treichler,  1946). 

It  is  apparent  that  the  nature  and  importance  of 
diet  of  tetraonids  in  the  control  of  their  numbers  remains 
unanswered . 

In  lauching  this  study,  the  hypotheses  were  made: 

1)  that  winter  food  would  be  found  to  be  marginal  in  some 
of  the  critical  nutrients,  and  2)  that  some  members  of  the 
wild  population  would  show  signs  of  starvation  or  malnutri¬ 
tion.  In  investigating  these  hypotheses,  the  year  round 
diet,  the  nutritional  quality  of  the  major  food  items, 
and  the  ability  of  spruce  grouse  to  utilize  the  food  items 
consumed  were  considered. 
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This  study  was  undertaken  in  an  effort  to  elucidate 
the  role  of  nutrition  in  the  regulation  of  population 
density  in  one  species  of  tetraonid.  The  spruce  grouse 
was  chosen  as  the  subject  of  investigation  because,  for 
much  of  the  winter,  it  was  reported  to  be  monophagous 
(Ellison  196  6)  .  This  simplified  a  qualitative  study  of 
the  birds'  diet  and  made  digestibility  studies  using  the 
natural  food  easier. 

DESCRIPTION  OF  THE  STUDY  AREA 

Field  work  was  conducted  in  the  Swan  Hills  region 
of  Alberta,  approximately  150  miles  northwest  of  the  city 
of  Edmonton.  Investigations  were  concentrated  along  an 
access  road  constructed  by  the  provincial  Department  of 
Lands  and  Forests,  Province  of  Alberta,  running  from  five 
miles  northwest  of  Swan  Hills'  town  site  to  a  fire  look¬ 
out  tower  on  Goose  Mountain,  approximately  thirty  miles 
west  (Fig.  1).  The  road  roughly  follows  a  ridge  with  an 
elevation  of  about  4,500  feet,  which  is  the  main  axis 
of  the  plateau  from  which  the  Swan  Hills  were  derived. 
Drainage  to  the  north  is  into  Lesser  Slave  Lake  and  to 
the  south  is  into  the  Athabaska  River. 

"The  Swan  Hills  are  remnants  of  a  maturely 
dissected  upland  which  represents  residuals  of 
erosion  from  the  preglacial  plains  level..  ... 
....Overlying  the  Paskapoo  formation  on  the 
summits  of  the  upland,  there  is  a  bed  of  coarse 
gravel  which  consists  almost  entirely  of  water- 
worm  pebbles  of  pure  white  quartzite  up  to  6 
inches  in  diameter."  (Allan  1919,  p  p  »  8  and  12). 

Allan  further  explains  how  vegetation  types  Sn  the 


Figure  1 


Area  from  which  spruce  grouse  were 
collected. 
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area  are  reflections  of  the  subsoil.  Where  sandstone  is 
near  the  surface,  pine  predominates,  but  bogs  and  sedge 
meadows  are  found  even  on  the  summits  of  mountains  where 
drainage  is  poor . 

Except  in  the  bogs,  alpine  fir  ( Abies  lasiooarpa)  , 
lodgepole  pine,  and  white  spruce  ( Picea  glauaa )  comprise 
most  of  the  trees.  The  tree  species  are  usually  mixed, 
though  pure  stands  are  present.  Alpine  fir  appears  to  be 
the  climax  tree  as  it  is  the  only  species  which  is  repro¬ 
ducing  abundantly.  The  most  common  shrub  is  tall  bilberry 
( Vaoeinium  membranao eum)  .  Less  common  is  bog  cranberry 
( Vacoinium  vitis-idaea)  .  In  dry  natural  openings  and 
artificial  clearings,  red  elder  ( Sambuous  pubens)  ,  mountain 
ash  ( Sorbus  saopulina)  ,  blueberry  ( Vaoeinium  myrtilloides )  , 
birch  ( Betula  sp.),  and  sedges  ( Carex  spp.)  are  found.  The 
most  common  herbs  of  forested  areas  are  bunchberry  ( Cornus 
canadensis)  and  Rubus  pedatus  (no  common  name  listed  by 
Moss,  1967)-  Less  common  herbs  include  twisted  stalk 
( Streptopus  amplexifolius) ,  twinflower  ( Linnaea  borealis)  , 
g r e e n - f 1  owe r ed  wintergreen  ( Pyrola  virens)  ,  and  false  mitre- 
wort  ( Tiarella  trifoliata) .  Mosses  ( Musoi  spp.)  comprise 
the  ground  layer  in  most  areas.  Horsetails  ( Equisetum 
spp.)  and  clubmoss  ( Selaginella  spp.)  are  locally 
abundant  . 

In  wetter  areas,  the  most  common  tree  is  black 
spruce  ( Pioea  mar i ana)  .  Labrador  tea  ( Ledum  groenlandieum) 

is  the  most  abundant  shrub.  Typical  herbs  include  cloud- 
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berry  ( Rubus  chamaemorus )  and  small  bog  cranberry  ( Vaccinium 
oxy COCCUS )  . 

Vegetation  in  areas  described  by  Allan  (1919)  as 
tundra  consist  mainly  of  mosses  and  sedges  with  smaller 
numbers  of  small  bog  cranberries  and  mountain  laurel  ( Kalmia 

-poli  folia )  . 


METHODS 

As  a  first  step  in  understanding  the  nutrition  of 
spruce  grouse,  the  year  round  diet  of  the  species  had  to 
be  determined  in  the  area  concerned.  The  diet  was  in¬ 
vestigated  by  collecting  birds  in  the  wild  on  a  monthly 
basis  and  recording  the  contents  of  their  crops. 

An  average  of  9  spruce  grouse,  more  than  6  months  of 
age,  were  shot  each  month,  from  June  1967  to  October  1968. 
An  average  of  15  grouse,  less  than  6  months  of  age  (birds 
of  the  year),  were  collected  each  month  from  July  to 
November  of  1967  and  1968.  Age  of  the  latter  group  was 
determined  by  the  presence  of  a  bursa  of  Fabricius.  From 
December  1  on,  all  birds  were  considered  adults  for  the 
purposes  of  this  study.  Appendix  I  shows  the  number  of 
birds  collected  each  month.  Field  work  was  conducted 
during  trips  of  two  to  ten  days  into  the  study  area.  Time 
spent  in  the  field  is  also  shown  in  Appendix  I. 

The  types  and  quantities  of  foods  utilized  were 
determined  by  examination  of  the  crop  contents.  Plant 
material  was  identified  with  the  aid  of  Moss  (1967). 
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Volumes  before  and  weight  before  and  after  f r e e z e -d r y i n g 
were  determined  for  each  type  of  food.  Data  were  tabu¬ 
lated  by  the  aggregate  volume  and  weight  method  of  Martin 
et  at.  (1946)  .  Frequency  of  occurrence  was  also  included. 

Foods  utilized  were  compared  to  foods  available.  This 
was  determined  by  analyses  of  vegetation  at  60  sites  where 
grouse  were  collected.  A  50-square  meter  plot  was  used. 

The  species  of  trees  included  in  the  plot  were  recorded 
and  placed  in  the  following  size  classification:  under 

0.5  dm  diameter  at  breast  height  (d.b.h.)  and  between  1 
dm  and  1  m  tall,  under  0.5  dm  d.b.h.  but  over  1  m  tall, 

0 . 5  ~ 1  • 0  dm  d.b.h.,  1-2  dm  d.b.h.,  2-3  dm  d.b.h.  and  3  ~  4 
dm  d.b.h.  The  ground  vegetation  was  analysed  on  ten  0,1 
square  meter  plots,  according  to  a  method  outlined  by 
Daubenmire  (1959)-  The  0.1  square  meter  plots  analysed 
were  selected  from  the  50-square  meter  plot  by  a  method 
devised  by  McLachlin  (pers.  comm.). 

Food  types  from  crops  were  combined  to  give  samples 
of  10  grams  dry  weight  for  analyses  of  chemical  constitu¬ 
ents  and  gross  energy.  Additional  samples  were  obtained 
by  collecting  specific  food  items  in  the  field. 

Food  samples  were  analysed  for  the  following: 
residual  moisture,  crude  fiber,  sodium,  phosphorus,  calcium, 
magnesium,  potassium,  and  lignin  by  the  Alberta  Soil  and 
Feed  Testing  Laboratory.  The  gross  caloric  value  was 
measured  with  a  Parr  oxygen  bomb  calorimeter.  Amino  acids 
present  in  pine  needles  were  anlaysed  by  the  Department 


8 

of  Biochemistry,  University  of  Alberta.  Eight  samples 
were  prepared  for  these  analyses  by  a  method  described 
by  Moore  and  Stein  (  1  9  6  3 )  • 

The  utilization  of  the  nutrients  present  in  the 
winter  diet  of  spruce  grouse  was  investigated.  Contents 
were  removed  from  various  parts  of  the  gut  tract  and  were 
analysed  as  described  for  the  foods. 

Additional  information  on  digestibility  of  pine  needles 
was  obtained  using  captive  birds.  Birds  were  captured  alive 
by  noosing  (Zwickel  and  Bendell,  1967)  and  kept  in  cap¬ 
tivity  for  up  to  fifteen  months.  Live  birds  were  held  in 
outdoor  pens  with  access  to  shelters.  Pine  needles,  twenty 
per  cent  protein  turkey  grower,  grit  and  water  were  pro¬ 
vided  ad  libitum* 

In  determining  the  efficiency  of  digestion  of  pine 
needles,  birds  were  placed  in  20"  x  40"  x  20"  cages  to 
enable  measurement  of  intake  of  needles  and  output  of 
feces.  Samples  of  food,  caecal,  and  intestinal  feces 
were  analysed  as  described  above  for  foods. 

In  assessing  the  adequacy  of  the  diet,  a  comparison 
was  made  of  the  general  condition  of  birds  collected 
throughout  the  year.  Condition  was  determined  from  total 
weight  of  birds,  and  weight  of  yeotovalis  muscles,  liver 
and  heart. 

Morphological  adaptations  to  the  changing  diet  were 
determined  from  the  following  measurements  of  internal 
organs  of  birds  sampled  throughout  the  year:  weights,  with 
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and  without  contents  of  the  crop,  p r o ve n t r i c u 1 u s ,  ventri cu¬ 
ius  and  large  intestine;  weights,  with  contents,  of  a 
caecum  and  small  intestine;  weights  of  liver,  heart  and 
pancreas;  and  lengths  of  small  intestine,  a  caecum,  and 
large  intestine  with  cloaca. 

Searches  of  adjacent  areas  and  comments  of  local 
people  indicated  that  the  study  area  had  a  high  popula¬ 
tion  which  was  near  a  peak  in  1967-68. 

Significance  was  measured  by  the  t-test  (Steel  and 
Torrie,  I960).  Five  per  cent  and  one  per  cent  levels  were 
considered  significant  and  highly  significant  respectively. 

RESULTS  AND  DISCUSSION 


1  .  The  diet 
Adults 

The  food  items  recorded  in  crops  of  spruce  grouse 
collected  from  June  1967  to  September  1968  are  presented 
in  Table  I.  The  volumes  and  dry  weights  are  included 
to  facilitate  comparison  with  other  investigations. 

Average  volumes  and  weights  of  the  contents  of  crops 
were  greater  in  the  winter  months  of  November,  December, 
January,  and  February  than  in  the  summer  months  of  May, 
June,  July  and  August  (Table  l).  More  than  one  factor 
may  be  involved  in  this  change.  Irving  et  at.  (1967)  found 
in  willow  ptarmigan  that  maximum  crop  weights  were  recorded 
when  day  length  was  least,  the  crop  acting  as  a  food  re¬ 
servoir  during  the  long  winter  night.  Thus  the  chances  of 
collecting  birds  with  full  crops  are  greater  in  winter. 
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Table  1.  Contents  of  99  crops  of  spruce  grouse  over  6  months  of  age  collected  on  a  monthly  basis  in  the  Swan  Hills,  Alberta 
(t  indicates  a  trace--less  than  0.01  g  or  O.lfc). 


Months  of  year 
Number  of  crops 

Volume  of  contents  (cc) 
Dry  wt .  of  contents  (g) 


mean 

range 

mean 

range 


1 

2 

11.8 

11.5-12.0 
4 . 2 

3.8-  4.6 


2 

15 

5.2 

0.1-15.0 

2.0 

0.0-  6.2 


3 

9 

5.5 

0.1-16.4 
2.  1 

0.0-  7.4 


4 

4 

4.9 

0.1-12.9 

2.0 

0.0-  3-9 


5 
1  1 
4.0 

0.  1-8.2 
1  .5 
0.0-  4 . 


Itemized  crop 
contents 

Unidentified  fungi 
Muse  i 

Equisetum  spp. 
Pinus  oontorta 
Pioea  spp. 

G  ram i neae 
Car ex  spp. 

Streptopus 

amplexifolius 

Betula  spp. 

Tiarella 

trifoliata 

Rubus  chamaemorus 
Cornus  canadensis 

Vaccinium 

membranaceum 

Vaccinium 

myrtilloides 

Vaccinium 

vitis-idaea 

Taraxacum 

officinale 

Ar  th ropoda 
Grit 


% 

Part  u  t i  1  i zed  Vo  1 . 

sporoca  rp 

spore  cases 

stems  and  tips 

need  1  es  100 

needles 

leaves 

seeds 

f 1  owe  rs 
berries 

f 1  owe  r s 
f 1  owe  r s 

berries 
1  eaves 

leaves 
f 1  owe  r s 
berries 

berries 

1  eaves 
new  berries 
old  berries 

1  eaves 

en  t  i  re 
en  t i re 


% 

Dry 
wt  . 

1 

Freq  . 

% 

Vo  1  . 

% 

Dry 
wt  . 

% 

Freq  . 

% 

Vo  1  . 

% 

Dry 
wt . 

X 

Freq. 

% 

Vo  1  . 

% 

Dry 
wt  . 

% 

Freq 

100 

100 

99.3 

97.5 

100 

66.5 

72.0 

89.0 

44.  1 

59.5 

75.0 

0.3 

0 . 4 

13-3 

24.3 

22  . 8 

22.2 

t 

t 

25.0 

8.7  3.9  33.3  55.2  37.2  50.0 


*  Dry 

Vo  1 .  wt . 


4'). 2  39.0 

22.8  27.  <i 


30.2  11.9 


% 

F req  . 


72.7 

36.1. 


63.6 


0.1.  2.1  46.6 


0.6 


1.4  33.3 


0.5  3.3  25.0 


2.7  21.7  54.5 
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6 

7 

8 

9 

1  0 

1 1 

12 

10 

14 

9 

9 

3 

8 

5 

4.5 

4 .  1 

4.9 

5.2 

4.5 

3.5 

13.4 

0 

1-22.5 

0  . 

14-20. 

0 

4 

2-7.6 

2 

5-9.6 

0 

1-12.9 

0 

5-8.0 

2 

9-27.5 

1  .  1 

1  .0 

1  .  1 

1  .0 

0.7 

1  .7 

5.5 

0. 

0-  4.0 

0  . 

0-8. 

7 

0 

1-2.4 

0 

5-2.8 

0 

0-2.1 

0 

2-4 . 2 

1 

.5-  8.9 

* 

% 

% 

% 

% 

% 

% 

% 

Dry 

% 

% 

Dry 

% 

% 

Dry 

% 

* 

Dry 

% 

% 

Dry  % 

% 

Dry 

% 

% 

Dry  % 

Vo  1  . 

wt . 

Freq  . 

Vo  1 

wt  . 

Freq  . 

Vo  1  . 

wt . 

Freq  . 

Vo  1  . 

wt . 

Freq  . 

Vo  1  . 

wt .  Freq . 

Vol  . 

wt . 

Freq  . 

Vol  . 

wt.  Freq 

2.5 

2.9 

22.2 

2 . 8 

5.4 

22.2 

2.3 

1  .3 

10.0 

4.5 

5.0 

14.3 

4.7 

4.2 

33.3 

2.7 

1  .4 

30.0 

3.0 

2.7 

SI  .1 

4.7 

3.5 

22.2 

0.4 

0.5 

44.5 

13.4 

24 . 3 

10.0 

0 . 2 

0.4 

11.1 

7.5 

13.1  33-3 

88.8 

86 . 5 

100 

97.0 

97.0  100 

65.3 

58.9 

40.0 

6.4 

11.1 

11.1 

9.4 

7.0 

12.5 

3.0 

3.0  20 

t 

t 

10.0 

0  .  1 

0  .  1 

7.1 

6.8 

9.7 

55.5 

3.5 

4.0 

33.3 

0.5 

0.5 

14.2 

0  .  1 

0  .  1 

7.1 

3.9 

0.9 

22 . 2 

1  2.0 

6.1 

44.5 

0.7 

0.4 

10.0 

2.3 

2  .  1 

7.1 

1.3 

1  .0 

11.1 

0.  1 

0  .  1 

7.1 

12.0 

10.9 

50.0 

34.6 

45.1 

100.0 

10.1 

11.6 

55.5 

4.1 

3.5 

33.3 

t 

t 

12.5 

1  .6 

0.7 

20.0 

4.9 

2.5 

50.0 

66.7 

0 . 2 

0.2 

21.0 

35.3 

21.3 

55.5 

59.6 

53.9 

t 

t 

11.1 

0  .  1 

0  .  1 

7.1 

15.5 

12.0 

7.1 

0.3 

0.7 

11.1 

17.0 

17.4 

55.6 

92.5 

86.9  66.6 

0.5 

0.3 

10.0 

32.9 

26.3 

42.8 

21.1 

18.8 

22.2 

0 . 1 

0  .  1 

10.0 

t 

t 

11.1 

1  .  1 

1  .  0 

20 . 0 

0.7 

0.6 

21.4 

0.5 

0.6 

.33.2 

0  .  1 

0.5 

10.0 

0.4 

2 . 6 

14.2 

2.3 

12.3 

44.4 

0.7 

9-2 

66.7 

1.8 

6.5 

12.5 

■ 


Another  possibility  is  that  basal  metabolism  may  be  in¬ 
creased  as  part  of  acclimatization  in  winter  as  shown 
by  Delane  (1968)  in  pheasants  ( Phasianus  aolohicus)  .  Such 
an  increase  might  require  a  greater  intake  of  food.  Furthe 
more,  the  food  consumed  during  the  winter  months  contains 
a  high  proportion  of  indigestible  material  (shown  by 
experiments  described  later)  thus  requiring  an  increased 
consumption  even  if  energy  needs  do  not  change. 

Conifer  needles  comprised  62  per  cent  of  the  dry 
weight  of  the  yearly  diet  of  the  spruce  grouse  sampled. 

For  several  months  in  the  winter,  conifer  needles  are 
the  only  source  of  energy  in  the  diet.  Hence  the  winter 
diet  is  virtually  monophagous  while  the  summer  diet  by 
contrast  is  more  varied  and  derived  in  the  main  from  ground 
vegetation  and  a  few  arthropods. 

Grit  was  consumed  in  all  seasons  and  in  larger 
quantities  than  has  been  reported  for  other  tetraonid 
species,  for  example  blue  grouse  (Boag,  1963)  and 
capercai  1  1  ie  {T etvao  ur og alius)  (Zwickel,  1966). 

One  reason  for  large  quantities  of  grit  in  crops 
is  that  many  grouse  were  collected  while  they  were  con¬ 
suming  it  on  roads.  It  is  also  probable  that  birds  may 
derive  minerals  from  grit,  as  has  been  shown  in  pheasants 
(Sadler,  1 9 6 1 )  .  Soil,  which  may  have  been  consumed  for 
its  minerals,  was  found  in  the  gut  tracts  as  well  as  the 
crops  of  some  birds. 

If  one  examines  the  year  round  diet  on  a  month  to 


month  basis,  it  becomes  apparent  that,  excluding  grit, 
the  food  during  the  months  of  November  through  February 
was  99  per  cent  pine  needles  and  1  per  cent  spruce  needles 
by  dry  weight.  Ellison  (1966)  also  found  that  conifer 
needles  supply  all  of  the  winter  food  of  spruce  grouse 
in  Alaska. 

In  March  1968,  bog  cranberries,  ordinarily  covered 
by  snow,  were  accessible  because  of  an  unusual  thaw.  The 
fact  that  cranberries  were  consumed  in  March  shows  that 
spruce  grouse  will  take  advantage  of  an  unusual  situation 
to  add  variety  to  their  diet.  Spruce  needle  consumption 
increased  in  March  but  not  by  a  significant  amount. 

In  the  spring  months  of  April  and  May,  conifer 
needles  still  comprised  the  bulk  of  the  diet  agreeing  with 
Ellison's  (1966)  study  in  Alaska  and  Stoneberg  1  s  (1967) 
observations  in  Montana.  Spruce  needles  increased  sig¬ 
nificantly  in  percentage  weight  of  crop  contents  during 
these  months  and  cranberries  were  recorded  in  increasing 
amounts  as  snow  melted. 

Several  factors  could  account  for  the  increase  in 
spruce  needle  utilization  in  April  and  May.  Ninty-nine 
per  cent  of  the  spruce  needles  taken  in  April  and  May 
were  consumed  by  females  which  put  on  weight  prior  to  laying, 
suggesting  that  spruce  may  provide  some  nutrients  needed 
at  that  time.  King  (  1 968)  also  found  a  difference  between 
male  and  female  blue  grouse  diets  in  spring.  Hill  and 
Dansky  (195^)  showed  that  domestic  chickens,  if  given  only 
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one  source  of  food,  consume  to  meet  their  energy  require¬ 
ment,  even  if  this  means  being  deficient  in  protein.  On 
the  other  hand,  if  a  choice  of  foods  is  offered  domestic 
chickens,  protein  is  consumed  at  a  level  near  the  experi¬ 
mentally  derived  optimum  (Funk,  1932).  The  evidence  is 
conflicting  as  to  whether  blue  grouse  can  select  for  pro¬ 
tein  level  in  conifer  needles.  Hoffman  (1961)  reported 
that  blue  grouse  consumed  needles  from  the  region  of  trees 
where  the  protein  level  was  greatest.  Boag  and  Kiceniuk 
(1968) ,  however,  found  no  evidence  that  the  needles  of 
trees  fed  on  by  blue  grouse  were  higher  in  protein  than 
those  in  other  areas.  Korschgen  (1966)  found  that  the 
protein  intake  of  ruffed  grouse  also  corresponded  to  their 
needs,  which  he  assumed  were  greater  during  growth,  moult 
and  for  females  during  breeding.  It  is  possible  that  the 
requirements  for  protein  and  calcium  in  spruce  grouse  prior 
to  laying,  may  be  met  by  a  combination  of  spruce  and  pine 
needles,  better  than  by  pine  alone,  and  that  the  females 
are  able  to  select  the  best  combination. 

A  behavioral  explanation  involving  dispersion  could 
also  account  for  the  increase  in  spruce  needle  consump¬ 
tion.  During  fall  and  winter,  until  March,  spruce  grouse 
were  observed  in  groups  as  large  as  ten  birds  (Table  2). 
From  March  on,  only  singles  and  pairs  were  seen.  Spring 
territorial  behavior,  as  shown  by  Jenkins  (I963)  >n  rec* 
grouse  could  have  forced  some  birds  into  habitats  where 
pine  was  less  available  and  hence  birds  were  forced  to 
utilize  spruce  needles. 
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Table 


1  4 


2  .  Sizes  of 

groups 

of  spruce 

grouse 

seen  d  u 

1967  and 

1968  i 

n  the 

Swan 

Hills, 

A  1  be  r  t  a 

Month 

S  i 

ze  of 

Group 

1 

2 

3-4 

5-7 

7  + 

January 

2 

1 

Februa  ry 

4 

2 

2 

1 

1 

March 

1  0 

1 

April 

1 

1 

1 

May 

15 

June 

3 

2 

July 

7 

2 

6 

3 

1 

August 

5 

2 

7 

1 

September 

3 

5 

6 

October 

5 

2 

1 

4 

5 

November 

5 

1 

3 

1 

5 

December 

1 

15 


June  was  a  month  of  transition  in  diet  from  conifer 
needles  to  ground  vegetation.  Over-wintered  bog  cran¬ 
berries  remained  important  in  the  diet.  Spruce  needles 
were  utilized  more  heavily  than  pine  in  June.  Much  of 
this  spruce  was  new  growth,  a  preference  reported  by 
Ellison  (1966).  The  crop  of  an  incubating  female,  collected 
from  the  nest  on  June  2b,  1 9  6  8  contained  22.5  ml  of  "new 

leaders"  of  spruce.  McCourt  (pers.  comm.)  observed  two 
female  spruce  grouse  during  their  incubation  period  feeding 
selectively  on  spruce  leaders. 

New  growth  of  horsetails  and  bilberries  were  also 
utilized  in  June.  New  growth  may  be  selected  because  of 
its  tenderness  and  possibly  because  of  a  high  protein 
content  as  was  shown  in  new  spruce  needles  by  nitrogen 
analysis. 

In  July  ground  plants  provided  the  food  sources 
with  bilberry  leaves  and  over-wintered  bog  cranberries 
the  two  most  utilized  forms. 

During  August  and  September  the  new  berries  of  all 
species  of  Vaca-inium  and  seeds  of  sedges  ( Cavex  spp.) 
became  important.  Spruce  needles  were  found  in  the  crop 
of  one  bird  in  August,  indicating  that  some  individuals 
may  utilize  conifer  needles  all  year  round.  It  has  been 
suggested  that  grouse  when  a  hunter  is  present  will  under¬ 
take  displacement  feeding  and  therefore  the  presence  of 
needles  in  the  crop  of  a  bird  shot  in  the  summer  may  be  an 
artifact  (Ellison,  1966).  Such  was  not  the  case  in  the 


present  study,  as  the  bird  containing  the  spruce  needles 
was  collected  while  dust  bathing. 

The  collection  of  only  three  crops  of  adults  in 
October  probably  gave  an  incomplete  picture  of  the  diet, 
but  a  partial  return  to  conifer  needles  was  indicated. 
Crichton  (1963)  and  Ellison  (1966)  found  that  conifer 
needle  consumption  increased  in  fall,  but  needles  were 
not  relied  upon  exclusively  until  after  snow  covered  the 
ground  vegetation.  Sporadic  snowfall  occurred  on  the 
study  area  from  September  onward  with  a  permanent  cover 
falling  during  the  night  of  October  21,  1967.  Birds  were 

not  collected  subsequently  until  November  when,  as  already 
stated,  conifer  needles  were  the  only  items  recorded. 

Birds  of  the  year 

Table  3  presents  the  food  items  recorded  in  the 
analysis  from  the  crops  of  birds  less  than  6  months  of  age. 

The  increase  in  contents  per  crop  with  age  reflects 
the  growth  of  juveniles  as  well  as  the  possible  reasons 
already  mentioned  for  the  increase  in  crop  contents  of 
adults  during  fall. 

The  main  foods  utilized  by  the  juveniles  were  the 
same  as  for  adults,  once  they  were  two  weeks  of  age  and 
had  become  basically  herbivorous.  As  shown  by  Boag  (  196  3) 
in  blue  grouse,  the  variety  of  foods  eaten  by  juveniles 
was  greater  than  by  adults.  Also  the  major  foods  were 
utilized  in  different  proportions. 

On  a  dry  weight  basis,  the  most  important  food  for 
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Table  3-  Contents  of 

65  crops  of  juvenile  spruce 

grouse 

col  1  e  c  t ed 

than  0.01  g 

or  0.1%). 

Months  of  year 
Number  of  crops 

Volume  of  contents 

Dry  wt.  of  contents 

/  N  mean 

(cc)  range 

(gm)  mean 

3  range 

7 

8 

0.4 

0 . 2-  1  .  1 

0  .  1 
t-0 . 2 

0  . 

0  , 

8 

8 

2  .  2 

.1-3.2 

0.7 

.2-2.3 

1  tem i zed  crop 
contents 

Part  utilized 

% 

%  Dry 
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juveniles  in  July  was  over-wintered  bog  cranberries, 
though  arthropods  had  a  higher  frequency  of  occurrence. 
Arthropods  were  consumed  exclusively  in  the  first  week  of 
life  only,  as  noted  by  Klebenow  and  Gray  (  1  9 6 8 )  in  sage 
grouse  {Centroaercus  urophasianus)  and  Bump  et  at.  (19^9) 
in  ruffed  grouse.  During  August  the  dietary  items  were 
similar  to  those  of  adults  though  insects  were  still 
utilized  more  by  juveniles,  as  were  sedge  seeds.  In 
September,  insect  consumption  fell  to  the  adult  level,  but 
sedge  seeds  remained  relatively  more  important  for  young 
birds.  As  with  the  adults,  all  new  Vaeeinium  spp.  berries 
became  very  important  in  these  months.  In  October  ju¬ 
veniles  began  taking  pine  and  spruce  needles  and  the  con¬ 
sumption  of  grit  increased  greatly.  Larch  needles  found 
in  crops  were  from  birds  taken  off  of  the  main  study  area. 

The  snails  (Suborders^  Orthuretha  and  Sigmurethra) 
consumed  by  juveniles  are  taken  in  quantities  too  small  to 
be  of  importance  in  their  nutrition.  However,  they  may 
be  intermediate  hosts  for  such  trematode  parasites  as 
Urogoninum  sp.  and  hence  a  source  of  infection  for  grouse 
(Holmes  and  Boag  ,  1965). 

The  utilization  of  insects  by  very  young  birds  is 
probably  associated  with  a  high  dietary  protein  require¬ 
ment  as  shown  in  Japanese  quail  ( Coturnix  sp.)  (Weber  and 
Reid,  1967),  in  bobwhite  quail  ( Cotinus  V ir g ini  anus) 

(  B  a  1  d  i  n  i  et  at.,  1950)  and  in  ruffed  grouse  (Bump  et  at., 
19^9).  The  differences  between  the  diet  of  juveniles  and 
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adults  in  September  and  October,  as  reflected  by  the 
greater  use  of  sedge  seeds,  was  probably  related  to  the 
continuing  high  protein  requirement  of  juveniles.  Sedge 
seeds  were  shown  by  nitrogen  analysis  to  be  one  of  the 
best  sources  of  protein  of  foods  utilized. 

There  may  be  several  reasons  for  the  greater  diver¬ 
sity  in  the  diet  of  young  birds.  Firstly,  the  sample  of 
juveniles  was  larger  than  that  of  adults  and  may  have  in¬ 
cluded  more  types  of  material  taken  by  only  a  few  birds, 
for  example,  snails,  cloudberries,  larch  needles,  etc. 
Secondly,  the  requirements  of  growing  birds  may  differ 
from  that  of  adults  and  the  young  may  be  able  to  select 
foods  to  meet  the  nutrient  demands  of  growth.  Juvenile 
spruce  grouse  may  consume  extra  grit  in  fall  to  obtain 
minerals.  The  lack  of  grit  in  the  crops  of  birds  collected 
in  November  probably  reflects  the  fact  that  the  sources  of 
grit  were  covered  by  snow  and  remained  so  covered  until 
winter  thaws  and  snow  ploughing  of  roads  exposed  patches 
of  g  round  . 

2 .  Food  preference 

Tables  4  and  5  show  coverage  and  frequency  data  for 
ground  vegetation  and  the  three  tree  species  in  areas 
where  60  adult  grouse  were  collected.  Comparison  of  these 
tables  with  Tables  1  and  3  gives  a  general  picture  of  the 
degree  of  selection  of  food  types  by  spruce  grouse. 

Table  4  shows  that  mosses  are  almost  ubiquitous.  The 
part  utilized  by  grouse  (spore  capsules),  however,  occurred 
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Table  4.  Distribution  of  ground  plants  present  at  points 
in  the  Swan  Hills  where  60  adult  spruce  grouse 


were  collected.  Average  per  cent  cover  is  based 

on  600  0.1  square  meter  plots  in  60  areas. 

Per  cent  occur- 
Per  cent  cover  rence  in  0.1 

of  ground  square  meter 

Plant  types  plants  plots 

Musci  s  p  . 

12.13 

9  1.4 

Vaccinium  membranaceum 

9.71 

51.0 

Rubus  pedatus 

9.10 

63.I 

Cornus  canadensis 

7.21 

58.6 

Vaccinium  vitis -idaea 

4 .90 

40 . 7 

Ledum  groenlandicum 

4.85 

24 . 0 

Vaccinium  myrtilloides 

4.33 

17.8 

Lycopodium  spp. 

1.91 

18.4 

Gramineae  spp. 

1  .83 

9.3 

Car  ex  spp. 

1  .58 

4  .  1 

Pyro la  spp. 

1  .39 

16.0 

Linnaeae  borealis 

1  .  36 

23  .  1 

Rubus  chamaemorus 

1.31 

4.3 

Equis etum  spp. 

.98 

6  .  2 

Lichen 

.93 

7.  1 

Strep topus  amplexif olius 

.75 

6.5 

Epilobium  angusti folium 

.47 

1  .9 

Geranium  s  p  . 

.29 

5.5 

Arnica  cordi folia 

.  17 

.3 

Tiarella  trifoliata 

.  1  4 

.3 

2  1 
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only  in  patches  and  for  a  short  period  of  time.  Bilberry 
was  common  and  provided  berries  which  were  heavily  utilized 
and  the  only  leaves  utilized  in  large  quantities.  Bog 
cranberry  leaves  were  not  utilized  though  the  berries 
were  consumed  over  a  longer  period  of  time  than  any  other 
ground  food,  and  were  often  utilized  in  large  quantities. 

As  many  of  the  cranberry  plants  bore  little  or  no  fruit, 
the  coverage  figures  indicate  a  greater  abundance  than 
was  true  for  berries.  Sedges,  most  common  on  roadsides, 
produced  seeds  that  were  selected  by  grouse  (1.58%  cover 
vs.  26%  of  the  dry  weight  of  juvenile  crop  contents). 

On  the  other  hand,  some  abundant  plants  such  as  Rubus 
ipedatus  and  bunchberry  were  almost  completely  ignored 
by  the  grouse  though  both  provided  abundant  fruit  in 

1967. 

Table  5  shows  the  tree  species  in  the  plots  where 
ground  vegetation  was  analysed.  Alpine  fir  is  by  far 
the  most  common  tree  under  0,5  dm  diameter  at  breast 
height.  Among  trees  over  0.5  dm  diameter  at  breast  height 
pine,  spruce  and  fir  were  all  common.  Spruce  was 
apparently  preferred  for  roosting  as  droppings  were  most 
abundant  under  it.  In  spite  of  its  abundance  alpine  fir 
was  not  utilized  for  food.  Considering  its  abundance 
spruce  was  utilized  only  sparingly  for  food  from  Novem¬ 
ber  to  February  although  it  was  utilized  to  a  greater 
degree  in  May  and  June. 

Selection  of  foods  by  animals  can  be  interpreted  in 


/ 
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two  ways.  If  the  types  and  abundance  of  food  which  the 
animal  is  selecting  among  are  similar  such  as  conifer 
needles  or  berries  and  if  the  one  not  utilized  is  accept¬ 
able  in  other  areas,  the  selection  is  probably  a  result 
of  simple  preference  and  not  dietary  need.  Such  selec¬ 
tion  also  indicates  that  food  in  general  is  probably 
abundant,  otherwise  all  edible  foods  would  be  taken. 
Selection  of  bilberry  leaves  and  berries  over  bunch- 
berry  and  Rubus  pedatus  would  appear  to  be  in  this  cate¬ 
gory.  Bunchberries  were  never  found  in  grouse  crops 
though  they  were  reported  in  small  quantities  from  spruce 
grouse  in  Alaska  (Ellison,  1966)  and  are  a  favorite  food 
of  ruffed  grouse  in  New  York  (Bump  et  al . ,  1959)  »  When 

considering  the  winter  diet  of  spruce  grouse,  selection 
of  pine  needles  over  spruce  and  fir  would  appear  to  be  a 
preference  also  and  not  of  nutritional  necessity  as  spruce 
grouse  were  recorded  consuming  nothing  but  spruce  needles 
in  the  winter  in  a  part  of  Alaska  where  pine  was  unavail¬ 
able  (Ellison,  1966).  Furthermore,  Stenlund  and  Magnus 
(1951)  reported  that  spruce  grouse  in  Minnesota  eat 
balsam  fir  ( Abies  balsamea)  needles,  a  species  very  similar 
to  the  alpine  fir,  which  was  not  utilized  in  the  Swan 
Hills.  Ruffed  grouse  have  also  been  reported  to  select 
different  foods  in  different  areas  (Bump  et  al . ,  1959). 

Food  selection  may  have  a  different  significance 
where  the  food  type  is  selected  by  the  species  in  different 
areas  and  no  comparable  alternative  is  available.  In  this 


case,  food  selection  may  be  for  a  nutrient  not  found  in 
the  rest  of  the  diet.  Selection  of  over-wi ntered  bog 
cranberries  may  be  of  this  type.  In  July  juveniles 
appeared  highly  dependent  on  this  food  (Table  3)  as  it 
was  the  only  berry  present.  Similarly  if  females  in 
breeding  condition  require  a  different  diet  than  for 
maintenance,  they  may  be  dependent  on  cranberries  as 
a  supplement  to  conifer  needles.  Since  so  few  food 
types  are  available  to  breeding  females,  or  are  utilized 
by  the  young  in  July,  and  since  both  rely  heavily  on 
o v e r -w  i  n t e r e d  berries,  such  berries  may  be  important 
in  the  numbers  and  distribution  of  spruce  grouse. 

3 .  Analyses  of  food  s 

Table  6  shows  the  results  of  analyses  of  the  main 
foods  of  spruce  grouse  throughout  the  year.  In  general, 
summer  foods  are  lower  in  crude  fiber  and  higher  in  pro¬ 
tein  than  winter  foods.  Korschgen  (  1  9  66)  observed  that 
similar  seasonal  changes  occurred  in  the  diet  of  ruffed 
grouse  and  corresponded  with  changes  in  protein  needs  of 
the  species  throughout  the  year. 

There  was  no  indication  that  foods  chosen  by  grouse 
were  higher  in  nutrients  than  those  picked  by  hand.  The 
lowest  protein  content  (4.4l%)  for  pine  needles  was 
found  in  a  crop  sample.  The  needles  in  this  sample,  taken 
in  December,  were  yellowish  and  appeared  to  be  from  an 
unhealthy  tree.  Boag  and  Kiceniuk  (  1  9  6  8 )  showed  a  similar 
lack  of  selection  for  protein  in  pine  needles  by  spruce 
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grouse  and  blue  grouse  in  southwestern  Alberta. 

The  average  level  of  protein  in  the  needles  of  pine 
in  the  area  studied  was  8.25  per  cent  (dry  weight)  which 
compares  closely  to  the  7-5  per  cent  protein  (dry  weight) 
average  of  the  same  species  in  five  areas  sampled  by  Beaton 
et  al  .  (1965).  On  an  air  dry  basis  the  protein  was  approxi¬ 

mately  7-75  per  cent  which  is  greater  than  the  4.52  per 
cent  (air  dry)  average  protein  content  reported  by  Boag 
and  Kiceniuk  (  1 9  6  8 )  for  lodgepole  pine  in  southwestern 
Alberta.  Gross  energy  is  high  in  pine  needles  (5-32 
Kcal/g)  when  compared  to  the  commercial  turkey  ration 
(4.68  Kcal/g)  fed  captive  spruce  grouse.  The  values  found 
are  in  general  agreement  with  those  of  other  workers  (Boag 
and  Kiceniuk,  1  9 6 8 )  .  Much  of  the  gross  energy  value,  how¬ 
ever,  would  be  contributed  by  crude  fiber  for  which  the 
digestibility  is  low  and  consequently  these  values  do  not 
give  much  indication  of  the  energy  value  of  the  needles 
for  the  bird.  The  levels  of  the  mineral  elements  other  than 
sodium  and  phosphorus  are  similar  to  the  values  found  by 
Beaton  et  at.  (  1  9  6  5 )  - 

Calcium  level  was  higher  in  old  spruce  needles  than 
in  pine  needles  (0.43%  vs.  0.10%).  It  is  noteworthy  that 
in  the  early  spring  when  requirements  for  calcium  would 
be  greater  because  of  reproduction,  the  females  consumption 
of  spruce  needles  increased,  although  the  change  was  not 
statistically  significant.  In  late  June  the  females  may 
have  a  high  requirement  for  protein  or  specific  amino 
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acids,  needed  to  replenish  losses  during  laying  and  incu¬ 
bation,  this  would  be  provided  by  the  new  spruce  growth 
taken  at  that  time  in  significant  quantities,, 

Although  too  few  analyses  were  done  on  foods  other 
than  pine  needles  to  allow  statistical  comparison  of 
nutrients,  the  differences  were  great  in  some  cases. 

Bilberry  leaves  and  moss  sporophytes  utilized  in 
summer  were  higher  in  protein  but  lower  in  caloric  value 
than  conifer  needles.  The  crude  fiber  content  was  lower 
than  in  pine  needles,  indicating  that  the  available  food 
energy  may  be  as  great  or  greater  than  in  the  winter  diet. 
Calcium  was  low  in  moss  sporophytes  but  high  in  bilberry 
leaves  when  compared  to  the  winter  food.  Levels  of  potassium 
and  sodium  in  these  foods  were  in  the  same  general  range  as 
they  were  in  the  winter  diet. 

Bilberries  were  higher  in  protein  than  pine  needles 
but  cranberries  were  not.  It  is  possible  that  the  amino 
acids  of  cranberries  may  complement  those  of  pine  needles 
and  other  foods,  but  no  analyses  of  amino  acid  content 
of  cranberries  were  done.  Caloric  values  were  lower  in 
both  these  berries  than  in  conifer  needles,  but  as  in 
leaves  the  level  of  crude  fiber  was  also  lower,  indicating 
a  greater  potential  food  utilization  as  found  by  Pullaininen 
et  at  .  (1968)  for  cranberries  in  willow  grouse.  The  level 

of  minerals  in  the  two  berries  was  very  similar  to  that 
of  conifer  needles,  except  for  a  high  level  of  phosphorus 


in  bilberries. 


The  phosphorus  of  bilberries  may  be 
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important  to  growing  birds. 

Other  summer  foods,  sedge  seeds,  bilberry  flowers, 
twisted  stalk  and  horsetail  were  all  richer  in  protein  but 
lower  in  caloric  value  than  pine  needles. 

The  level  of  the  minerals;  calcium,  phosphorus,  and 
sodium  of  all  foods  analysed  were  low  when  compared  to 
the  requirements  of  domestic  chickens,  as  given  by  the 
National  Research  Council's  Nutrient  Requirements  of 
Poultry  (1966)  (calcium  -  2.25%  and  1.0%,  phosphorus  - 
0.6%  and  0.6%,  sodium  -  0.15%  and  0.15%  for  laying  hens 
and  growing  chicks  respectively).  The  requirements  of 
laying  domestic  hens,  probably  are  not  directly  com¬ 
parable  to  those  of  laying  spruce  grouse  as  spruce  grouse 
produce  only  U-~J  eggs  (Godfrey,  1  9 6 6 )  .  Furthermore,  the 
rate  of  egg  production  in  captive  female  spruce  grouse  was 
approximately  one  egg  in  two  days  which  is  similar  to  the 
rate  in  wild  birds  of  4  eggs  in  6  days  observed  by  McCourt 
( p  6  r  s  .  comm.)  which  is  lower  than  in  domestic  chickens® 

It  has  been  postulated  that  grouse  select  between 
needles  of  different  trees  of  the  same  species  (Seiskari, 
1962)  and  between  needles  of  different  quality  in  different 
areas  on  the  same  tree  (Hoffman,  1  9  6 1 )  .  In  this  study 
there  was  selection  between  needles  of  different  species 
and  between  old  and  new  growth  of  spruce.  New  growth 
of  spruce  utilized  was  obviously  different  in  appearance 
from  the  needles  produced  the  previous  year.  With  this 
one  exception  there  was  no  evidence  that  the  birds  could 


detect  needles  containing  different  nutrient  levels  on  the 
same  tree  or  between  different  trees. 
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b  .  Digestion  of  pine  needles  by  spruce  grouse 

The  nutrient  content  of  food  items  has  little 
meaning  unless  combined  with  digestibility  studies  to 
determine  the  availability  of  nutrients  to  the  animal. 

The  amount  of  a  nutrient  which  is  absorbed  is  a  function 
of  total  food  intake,  which  in  turn  is  largely  determined 
by  the  available  energy  in  the  food  (Hill  and  Dansky, 
195^)o  This  energy,  known  as  metabolizable  energy,  is 
the  difference  between  caloric  value  of  food  multiplied 
by  the  weight  consumed  in  a  given  time,  minus  caloric 
value  of  feces  and  urine  produced  multiplied  by  their 
weight. 

Metabolizable  energy  (M.E.)  of  pine  needles  was 
calculated  from  the  data  of  Tables  7  and  8,  to  facilitate 
determination  of  nutrients  available  in  this  food  for 
spruce  grouse.  The  first  mehtod  is  based  on  total  mass 
of  food  consumed  and  feces  eliminated  (Maynard  and  Loosli, 


1962)  . 


Per 

a  = 
b  = 
c  = 
d  = 


cent  M  .  E .  = 


100  (  a c  -  b d ) 

ac 


;a  1  or  i  c  value  of  food 


ca 


loric  value  of  feces 


we  i  g  h  t  of  food 


dry  weight  of  feces  and  urine 


30 


Table  7 . 


Mean  d 

Need  1 es 
consumed 


Rates  of  pine  needle  consumption  and  feces 
elimination  by  six  captive  spruce  grouse, 

ry  weight  in  grams  per  day  for  51.4  days 

Caecal  Intestinal  Total  Food 

feces  feces  feces  absorbed 


40  .  4 


2  .  2 


27.3 


29.5 


10.9 


Table  8.  Analyses  of  food  and  feces  of  captive  spruce 
grouse  when  on  a  pine  needle  diet. 


°/ 

'Q 

%  crude  % 


Kca 1 /g 

protein 

fiber 

1  i  g  n  i 

Pine  needles 

mean 

(  N  =  5  ) 

5  .  24 

c^\ 

oo 

39-62 

2  1.05 

s  td  .  dev. 

0  .03 

1  .52 

1  .72 

2 .07 

Caeca  1  feces 

mean 

(N  =  9) 

5.58 

20.84 

19.48 

13.74 

s  td  .  dev. 

0 .04 

2  .  36 

6.12 

5.91 

Intestinal  feces  ( N  = 1  1 ) 
mean 

5 . 00 

14.33 

53.02 

29.78 

s  td  .  dev . 

0  .  1 

1  .05 

4 .78 

3-33 

-'Average  of 
intestinal 

caeca  1  and 
feces 

5  .04 

14.80 

50.98 

28.59 

-'Weighted  to  correspond  to  the  proportion  of  the  two 
types  of  foods  produced  (from  Table  7)  • 
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Using  the  data  from  Tables  7  and  8  the  metabolizable 


energy  was  calculated  as  follows: 

5.24  x  40.4  -  5.04  x  29.5 


M  .  E  .  =  100  x 


5.24  x  40.4 


=  29.8% 


A  second  method  is  based  on  the  principle  that  an  i nd i - 

•  b 

gestible  and  unabsorable  substance  in  the  food  can  be 

used  as  a  digestibility  marker  (Forbes  and  Garrigus,  1948) 

This  method  uses  lignin  as  a  "marker". 

e_  x  b_| 

J  aj 


Per  cent  M.E.  =  100  -  100 


a  =  caloric  value  of  food 
b  =  caloric  value  of  feces 
c  =  per  cent  lignin  in  food 
f  =  per  cent  lignin  in  feces 
Using  the  data  from  Tables  7  and  8  the  metabolizable 
energy  was  calculated  as  follows: 


M.E. 


1  00 


100 


I  2 1  .05  x  5.04' 

\  2 8  .  5 9  5T2T 


29  .  2% 


The  results  of  these  two  calculations  are  similar  and 
correspond  closely  to  the  digestibility  of  blueberry  stems 
by  willow  grouse  ( Lagopus  lagopus)  of  31  per  cent 
(Pullianinen  et  al .  ,  1 9  6  8 )  ,  indicating  that  both  foods 

are  of  low  digestibility. 

In  order  to  compare  the  pine  needle  diet  with  commercial 
diets  for  domestic  fowl,  data  were  manipualted  to  corre¬ 
spond  to  units  used  by  poultry  nutritionists.  Energy  in 
feeds  is  usually  expressed  as  metabolizable  energy  per 
pound.  This  value  calculated  for  pine  needles  is  706 
Kcal  per  pound  (per  cent  metabolizable  energy  x  caloric  value 
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of  food  x  grams  per  pound)  .  Domestic  chickens  can  be 
maintained  and  even  grown  on  rations  as  low  as  approxi¬ 
mately  720  Kca 1  per  pound  of  metabolizable  energy  (Hill 
and  Dansky,  195*0  •  The  amount  of  energy  taken  in  per  day 
depends  on  the  metabol izable  energy  of  the  food  and  the 
amount  consumed.  The  total  amount  of  energy  assimilated 
by  grouse  per  day  can  be  calculated  from  the  following 
formula. 

r  .  ^  ,  per  cent  H.E. 

Energy  intake  =  a  x  c  x  - - j-^ - 

a  =  caloric  value  of  food 

c  =  dry  weight  of  food  consumed  per  day 
Using  the  data  from  Tables  7  and  8  the  daily  energy  con¬ 
sumption  of  captive  birds  was  calculated  as  follows: 

2  9  8 

Energy  intake  =  5-24  x  40.4  x  — =  63  Kcal  per  day 

While  McDonald  et  at.  ( 1 9 6 6 )  state  that  a  domestic  chicken 
of  575  grams  would  require  approximately  79  Kcal  per  day 
for  normal  activities,  Brody  (1984)  states  that  a  bird 
of  this  size  would  require  ,6  0  Kcal  per  day  for  its  basal 
metabolism.  The  somewhat  low  value  for  grouse  may  have 
been  made  up  by  drawing  on  protein  reserves  resulting 
in  the  negative  nitrogen  balance  discussed  later. 

Under  normal  conditions  animals  eat  to  meet  their 
energy  requirement  (Hill  and  Dansky,  1954).  For  this 
reason  the  amount  of  protein  consumed  is  related  to  the 
digestible  energy  of  food  as  well  as  the  simple  percentage 
of  protein  in  food.  For  these  reasons  metabolizable  energy 


. 
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per  one  per  cent  protein  (c/p  ratio)  is  of  importance  in 
formulating  rations  for  domestic  stock.  The  c/p  ratio  of 
pine  needles  is  83.5  which  is  comparable  to  rations  fed 
domestic  poultry  for  finishing  as  well  as  laying  (Morgan 
and  Lewis,  1962).  The  ratio  required  for  simple  main¬ 
tenance  would  probably  be  greater  than  this  figure  and, 
as  discussed  in  section  3,  because  grouse  produce  eggs 
at  a  much  lower  rate  than  domestic  chickens.,  their  laying 
requirements  would  not  be  as  great  as  domestic  chickens. 

Captive  birds  appeared  to  vary  in  their  ability  to 
digest  needles.  Calculations  of  apparent  digestibility  of 
protein  by  birds  includes  the  protein  (actually  mainly 
uric  acid)  excreted  by  the  kidneys  and  incorporated  into 
the  feces.  In  a  bird  which  is  maintaining  its  weight  the 
protein  taken  in  equals  that  deaminated  and  excreted  so 
that  the  apparent  digestibility  of  protein  is  near  0. 

Table  9  shows  that  on  the  average,  birds  lost  weight  during 
the  digestibility  experiments.  This  weight  loss  is  re¬ 
flected  in  a  greater  quantity  of  protein  in  the  feces  than 
in  the  food  (a  negative  nitrogen  balance).  Table  7  shows 
that  the  average  daily  consumption  of  pine  needles  was 
40.4  grams  per  bird.  Of  this  quantity  8.36  per  cent 
(Table  8)  or  3-4  grams  was  protein.  In  the  feces  produced 
per  day,  29.5  grams  contained  14. 7  per  cent  or  4.3  grams 
of  protein.  The  birds  were  therefore  losing  approximately 
one  gram  of  body  protein  per  day.  Table  9  shows  that  this 
loss,  however,  varied  greatly  from  bird  to  bird.  The  birds 
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Table  9  • 

Weight 

changes  in  captive  birds  wh  i  1 

e  on  pine 

need  1  e 

diets 

from  January  through  March,  1968. 

1  .  Birds 

used  in 

digestibi 1 ity 

studies 

which 

had  been  on 

an  art 

i  f  i  c  i  a  1 

diet 

for  more 

than  3  months. 

Number 

Days 

o  n 

Original 

weight 

Daily 

weight 

of  birds 

needle 

diet 

in  grams 

change 

in  grams 

Mean 

Range 

Mean 

Range 

3 

5-7 

632 

590-663 

-5.  A 

-  1  1  -  -2.5 

2 .  Birds 

used  in 

digestibi 1 ity 

stud  i  e  s 

which 

had  been 

recently  captured. 

Number 

Days 

o  n 

Original 

weight 

Daily 

weight 

of  birds 

needle 

diet 

in  grams 

change 

in  grams 

Mean 

Range 

Mean 

Range 

3 

7-1  A 

560  507-590 

-1.7 

-10.3-  +9-6 

3 .  Alibi 

rds  used  in 

digestibi 

1 i ty  stud 

i  e  s  . 

Number 

Days 

o  n 

Original 

weight 

Daily 

weight 

of  birds 

need  1  e 

diet 

in  grams 

change 

in  grams 

Mean 

Range 

Mean 

Range 

6 

5-1  A 

592  AO  7  -  6  6  3 

-2.8 

-  1  1  -  +9.6 

A .  Birds 

not  used  in 

digestibi 

1  i  ty  stud 

i  e s  wh 

i c  h  had 

r ecen  t  1  y  been 

captured . 

Number 

Days 

o  n 

Original 

weight 

Daily 

weight 

of  birds 

needle 

diet 

in  grams 

change 

in  grams 

Mean 

Range 

Mean 

Range 

2 


61 


559  5^5-573  +.1 


+  .07-  +.13 
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were  of  two  types.  The  group  showing  a  high  weight  loss 
on  the  needle  diet  had  been  in  captivity  since  summer  and 
maintained  on  artificial  foods.  The  group  showing  little 
weight  loss  and  in  some  cases  a  weight  gain  on  the  needle 
diet  had  been  captured  immediately  before  the  experiments. 

It  appears  that  the  gut  tract  may  be  conditioned  to  specific 
diets.  Further  evidence  of  this  adaptation  is  discussed 
later  . 

Proteins  are  needed  primarily  as  sources  of  amino 
acids  (Morgan  and  Lewis,  1962).  These  authors  give  the 
following  formula  from  which  the  maintenance  and  laying 
requirements  for  amino  acids  can  be  calculated: 


Percentage  of  methionine 
required  in  ration 


C (0 . 05W±6 . 2 AW  +  5  E ) 

A  5  3  f  (  1  .52W0  .  6  5  3  +  3.26AW+3.29E) 


where  C  =  Kca 1  of  metabolizable  energy  per  pound 
of  ration 

W  =  average  body  weight  per  hen  in  grams 
AW  =  average  daily  change  in  body  weight  per 
hen  in  grams 

E  =  average  weight  in  grams  of  eggs  produced 
per  hen  per  day 

+  =  1  in  spring  (temperature  correction  factor 

for  each  season) 

The  following  conversion  factors  are  multiplied  by  the 
calculated  methionine  requirement  to  obtain  the  estimated 
needs  for  the  other  essential  amino  acids:  methionine  1.0, 

methionine  +  cystine  1.7;  histidine  0.73;  isoleucine  2.09; 


. 

. 
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leucine  2.85;  lysine  2.09;  phenylalanine  plus  tyrosine 
3.0;  tryptophan  0.49;  threonine  1.52;  and  valine  2.24. 
For  maintenance  (weight  change  and  egg  production  equal 
to  0)  the  requirements  for  methionine  can  be  calculated 
as  follows  for  a  513  gram  female. 


Percentage  of 

methionine  _  _ 706  (0  .05x51 3*6 .2x0  +  5x0) _ 

required  in  4 5 3 7 x 1  ( 1  .  5 2x0  0 • 6  5  3  ±  3  .  26x0  +  3 . 2 9x0 ) 

ration 


0  5% 


For  a  female  laying  9.5  grams  of  eggs  and  losing  2.7 
grams  of  body  weight  per  day  (based  on  egg  weight,  rate 
of  laying  and  weight  loss  of  females  in  the  laying  season 
from  Figure  2)  the  requirement  was  calculated  as  follows. 
Percentage 

methionine  706  (0  .  05x567  +  6 . 2X-  2 . 7x5x9 . 5)  nQ 

.  ,  =  — - - - - — - —  =  .(Jo 

required  4537x1(1.  52x2.  70,b53+3.26x-2. 7  +  3. 29x9. 5) 

in  ration 

The  c/p  ratios  used  for  comparison  with  domestic 
chickens  assume  adequate  ratios  of  amino  acids  to  energy. 
The  amino  acids  present  in  pine  needles  and  requirements 
calculated  as  shown  above  are  presented  in  Table  10. 
Tryptophan  and  cystine  are  destroyed  by  the  method  of 
hydrolysis  used  therefore  cannot  be  considered.  The  total 
amino  acids  analysed  equals  5.54  per  cent.  The  crude 
protein  (X  x  6.25)  for  the  needles  analysed  for  amino  acids 
was  7-25  Per  cent. 

Assuming  that  the  amino  acid  requirements  of  domestic 

chickens  is  not  vastly  different  from  that  of  grouse, 

Table  10  shows  that  all  amino  acids  with  the  possible 
exception  of  methionine  are  present  in  adequate  quantities 
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Table  10.  A  comparison  of  amino  acids  present  in  pine 
needles  and  requirements  of  grouse  based  on 
a  formula  derived  for  domestic  poultry  (from 
Morgan  and  Lewis,  1982).  All  requirements 
are  based  on  a  diet  of  706  Kca 1  M.E./lb. 

Per  cent  Maintenance  Laying 

dry  weight  requirement  requirement 


Lysine 

•  37 

.  1  0 

.  1  6 

Histidine 

.08 

.04 

.06 

Threoni ne 

.07 

.07 

.  1  2 

V  a  1  i  n  e 

.-43 

.  1  0 

.  18 

Methionine 

.04 

.05 

.08 

Me  th i on i ne  + 

cystine 

.07 

.  13 

Cystine 

1  s  o  1  e  u  c  i  n  e 

destroyed 

•  35 

.  1  0 

.  1  6 

Leuc i ne 

.56 

.13 

.22 

Tyros  i  n e 

.  1  8 

.  1  4 

.25 

Pheny 1  a  1  a  n i ne 

Tryptophan 

.  3  6 

des  t  royed 

.02 

.03 

A  r  g  i  n  i  n  e 

.38 

- 

- 

Glycine 

.37 

- 

- 

Alanine 

.41 

- 

- 

Aspartic  acid 

.63 

- 

- 

Serine 

.28 

- 

- 

Glutamic  acid 

.73 

- 

- 

P  r  o  1  i  n  e 

.  30 

- 

- 

Total 

5.54 

_ 

_ 

■ 

in  pine  needles  for  maintenance  and  laying.  In  support 
of  the  contention  that  pine  needles  have  adequate  amino 
acids  for  maintenance  two  grouse  were  maintained  in  satis 
factory  condition  in  captivity  for  two  months  (Table  9) 
on  a  diet  only  of  pine  needles  with  access  to  soil  for 
possible  grit  and  mineral  needs.  In  the  wild,  females 
did  not  produce  eggs  on  a  diet  solely  of  pine  needles 
but  utilized  spruce  needles  and  bog  cranberries  before 
and  during  laying.  Since  amino  acid  analyses  were  not 
done  for  these  foods  it  cannot  be  assumed  that  the 
methionine  level  of  the  diet  taken  as  a  whole  was  low. 

The  low  digestibility  of  the  energy  components  of 
pine  needles  requires  that  an  animal  feeding  on  them  be 
able  to  consume  large  quantities  to  obtain  sufficient 
energy.  Because  of  the  high  consumption  rate,  other 
nutrients  in  the  food, such  as  protein  and  m i ne r a  1 s , wo u 1 d 
be  consumed  in  greater  quantities  than  their  percentage 
of  the  food  appears  to  indicate.  Thus,  the  low  percentag 
of  some  nutrients  in  pine  needles  does  not  necessarily 
mean  that  an  animal  consuming  them  will  suffer  from 
deficiencies . 

5  .  Condition  of  adult  birds  over  the  year 

One  means  of  evaluating  the  quality  of  an  animal's 
diet  is  to  examine  its  state  of  health  (i.e.,  condition). 
Robel  and  Linderman  (1966)  suggest  that  total  weight 
changes  of  birds  could  reflect  availability  and/or  energy 
content  of  food.  Bump  et  al .  (19^9)  state  that  body 


■ 

v» 
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weight  is  a  good  index  of  condition  in  ruffed  grouse.  To 
give  an  indication  of  condition  of  spruce  grouse  comprising 
the  monthly  samples  Figures  2,  3,  and  5  show  average 
total  body  weight,  weight  of  pectoral  is  major,  pectoral  is 
minor,  heart,  and  liver.  The  differences  between  winter 
(November  to  April)  and  summer  (May  to  October)  con¬ 
ditions  as  reflected  in  weights  and  measurements  were 
tested  for  significance. 

Both  males  and  females  were  heavier  in  winter  than 
in  summer,  though  the  difference  was  not  statistically 
significant  based  on  6-month  winter  and  summer  periods. 

The  weights  of  females  increased  a  highly  significant 
amount  in  May.  At  this  time  average  weight  of  females 
surpassed  that  of  males.  This  phenomenon  was  noted 
by  Lewin  (1963)  in  California  quail  ( Lophortyx 
calif ornicus) .  He  attributed  this  increase  in  weight 
to  hypertrophy  of  reproductive  organs.  In  spruce  grouse 
there  was  also  an  increase  in  fat  deposition,  a  highly 
significant  increase  in  liver  weight  and  a  significant 
increase  in  pectoralis  muscle  weight.  This  situation 
agreed  with  that  found  in  female  pheasants  by  Kirkpatric 
( 1  9  W  ,  who  found  that  gonad  weight  alone  could  not  account 
for  the  increase  in  weight  before  laying.  It  is  note¬ 
worthy  that  these  increases  occurred  in  spruce  grouse 
when  the  diet  consisted  mainly  of  conifer  needles  with 
some  cranberries.  Therefore,  it  would  appear  that  these 
foods  are  more  than  adequate  for  maintenance  of  body 
condition  and  general  health. 


41 


Figure  2.  Mean  total  weights  of  adult  spruce  grouse 
collected  on  a  monthly  basis  throughout 
the  year  from  the  Swan  Hills,  Alberta. 


Figure  3.  Mean  weights  of  peotoralis  major  and 

peotoralis  minor  muscles  of  adult  spruce 
grouse  collected  on  a  monthly  basis 
throughout  the  year  from  the  Swan  Hills, 


Alberta. 
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Neither  males  nor  females  showed  any  significant 
difference  between  summer  and  winter  weights  of  the 
pectoral  is  muscles  (Figure  3).  Starving  birds  quickly 
mobilize  these  muscles  resulting  in  a  weight  loss.  That 
this  did  not  occur  indicates  that  those  spruce  grouse 
collected  were  able  to  meet  their  food  requirements  in 
the  winter. 

The  weight  of  the  hearts  of  both  sexes  increased 
significantly  in  the  winter.  Two  factors  could  account 
for  this.  Firstly,  the  digestive  system  increased  in 
size  in  winter  (discussed  in  Section  7)  requiring  cir¬ 
culation  of  blood  through  more  tissue.  Secondly,  an 
increase  in  metabolism  in  winter  as  shown  by  Delane 
(1968)  in  pheasants  and  Hungarian  partridges,  may  require 
a  more  rapid  circulation;  and  therefore  a  larger  heart. 

Also,  Bump  et  at.  (1947)  showed  that  the  heart  rate  increased 
with  decreased  environmental  temperature  in  ruffed  grouse. 

The  liver  was  the  only  organ  showing  a  significant 
decrease  in  weight  in  winter.  Weights  of  livers  of  male 
spruce  grouse  increased  from  Hay  to  June  and  remained 
high  until  November,  corresponding  to  the  period  when 
berries  and  leaves  were  abundant  in  the  diet.  As  already 
mentioned,  weights  of  livers  from  females  collected  in 
May  were  high  but  dropped  during  incubation  and  moult  to 
an  overall  low  in  August,  which  corresponds  to  a  minimum 
total  weight  in  the  same  month.  In  September,  a  time 
when  females  are  released  from  brood  care  and  can  feed 
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independently  on  the  abundant  fruit  available,  the  liver 
weight  increased  to  the  same  level  as  that  of  males  and 
like  the  males  remained  high  until  winter. 

During  the  year  in  which  spruce  grouse  were  studied, 
the  reproductive  cycle  appeared  to  have  a  greater  impact 
on  body  condition  than  did  the  environmental  factors 
of  winter  food  and  weather.  Thus,  the  winter  diet  could 
not  have  been  marginal  for  maintenance. 

6 .  Physiology  of  digestion 

Crude  fiber  digestion 

The  caeca  of  all  tetraonids  are  very  large  and  to¬ 
gether  usually  approach  the  weight  of  the  small  intes¬ 
tine  (Leopold,  1953)  •  Many  people  have  assumed  that 
because  the  tetraonids,  as  a  whole,  utilize  foods  high  in 
crude  fiber,  that  these  organs  must  somehow  be  connected 
with  crude  fiber  breakdown  (Suomalainen  and  Arhimo, 

19^5;  McBee  and  West,  1969).  Using  lignin  as  a  marker 


the 

d  i  g  e  s  t  i  b 

i  1  i  ty 

of  crude  fiber 

in  needles 

en  te  r i ng 

and 

by-pass  i 

n  g  the 

caeca  were  cal 

culated  us 

i ng  the 

f 0 1 1 ow i ng 

formula: 

D  i  g  e  s  t  i 

b  i  1  i ty 

=  100  -  | 1 00  x 

e  9 

f  X  h 

> 

e  = 

per 

cent 

marker  in  food 

f  = 

per 

cent 

ma  r ke  r  in  feces 

9  = 

per 

cent 

crude  fiber  in 

feces 

h  = 

per 

cent 

crude  fiber  in 

food 

Using  the  data  in  Table  8,  the  digestibility  of  crude 
fiber  was  calculated  as  follows: 


< 


' 


4  5 


Digestibility  of  crude  fiber  in  food  entering  the 


caeca  =  100 


24  .  8% 


Digestibility  of  crude  fiber  in  food  not  entering 


the  caeca  =  100 


Since  the  food  entering  the  caeca  also  passed  through 
the  rest  of  the  gut  tract  the  crude  fiber  actually  broken 
down  in  the  caeca  would  be  only  24.8  -  5-4  =  19.4%.  As 
lignin  in  plant  cells,  and  most  other  carbohydrates  of  the 
crude  fiber  complex  are  found  mainly  in  the  cell  walls 
(Ewing,  1949),  they  can  be  assumed  to  enter  the  caeca  in 
approximately  the  same  proportions  relative  to  each  other, 
as  found  in  the  food. 

Lignin  entering  the  caeca  =  percentage  of  feces 

r  ^ u  lignin  in  caecal  feces 

from  the  caeca  X  -r-r - — : - : - — ri — ■? - 

lignin  in  all  feces 

Using  the  data  from  Tables  7  and  8  the  lignin  and  crude 

22  1874 

fiber  entering  the  caeca  =  100  x  ^  x  =  3.6%. 

Crude  fiber  digested  by  the  caeca  is  the  product  of 
crude  fiber  entering  the  caeca  and  digestibility  of  crude 


19.4  x  3-6 
1  00 


fiber  in  the  caeca 


Even  allowing  considerable  error  in  this  method  of 
calculating  crude  fiber  digestion,  it  appears  that  though 
this  digestion  does  occur  in  the  caeca,  it  is  of  too 
small  a  quantity  to  be  of  any  significance  to  the  birds. 
As  Pullianinen  et  at.  (1968)  state,  the  anatomical  hint 


- 
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that  the  main  function  of  the  caeca  is  for  crude  fiber 
digestion  is  not  dependable. 

Utilization  of  high  fiber  foods 

Nitrogen  content  and  caloric  value  of  caecal  feces 
are  higher  than  that  of  either  ingested  food  (pine  needles) 
or  intestinal  feces  (Table  8).  Small  amounts  of  lignin 
in  caecal  feces  indicate  that  caecal  contents  are  de¬ 
rived  largely  from  the  protoplast  of  cells  which  is  probably 
higher  in  protein  than  cell  walls.  This  separation  of 
fibrous  material  and  protoplast  is  probably  accomplished 
by  the  ventr  icu 1  us  .  Table  11  shows  a  drop  in  fiber  con¬ 
tent  in  the  anterior  small  intestine  and  an  increase  in 
nitrogen  content  indicating  that  the  ventriculus  squeezes 
the  liquid  from  the  needles  into  the  intestine  during 
maceration.  Imondi  and  Bird  (1965)  found  a  similar  rise 
in  nitrogen  concentration  in  the  duodenum  of  chickens.  Such 
a  separation  of  food  constituents  may  allow  more  efficient 
utilization  of  digestive  enzymes  by  concentrating  diges¬ 
tion  on  cell  contents.  Fibrous  material,  which  is  largely 
indigestible,  may  be  held  in  the  ventriculus  and  then 
passed  through  the  intestine  quickly. 

Table  11  shows  that  many  nutrients  are  in  higher 
concentrations  in  the  gut  tract  than  in  pine  needles. 

The  separation  of  fibrous  from  liquid  parts  of  the  food 
may  be  one  factor  involved.  Factors  affecting  mineral  con¬ 
centration  are  the  varying  quantities  of  grit  and  soil  eaten 
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Analysis  of  gut  tract  contents  of  spruce  grouse  collected  during  the  part 
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by  the  birds  and  the  excretion  of  some  minerals  by  the  gut 
tract  (Mueller,  1956).  These  factors  would  not  account 
for  the  high  level  of  nitrogen  in  the  posterior  part  of 
the  gut  tract  as  most  of  the  protein  eaten  by  domestic 
fowl  is  absorbed  in  the  anterior  jujenum  (imondi  and  Bird, 
1965)-  The  intestines  and  their  contents  were  preserved 
by  freezing  which  may  have  caused  a  breakdown  of  the  gut 
tract  lining  and  its  adherence  to  the  food.  The  gut  tract 
lining  added  to  the  contents  removed  would  increase  the 
percentage  of  protein  shown  in  the  analyses. 

It  was  considered  impossible  to  trace  the  absorp¬ 
tion  of  nutrients  using  this  data  because  of  the  factors 
described  above. 

7  .  Seasonal  adaptations  of  the  gut  tract 

Leopold  (1953)  observed  that  gallinaceous  birds 
utilizing  leafy  foods  with  high  roughage  have  larger 
digestive  systems  than  those  feeding  on  seeds,  and  that 
populations  of  California  quail  in  different  areas  and 
utilizing  different  types  of  food  had  different  sized 
intestines,  caeca,  and  stomachs.  Lewin  (  1  963)  found  in  a 
population  of  California  quail,  that  in  a  change  from  a 
summer  diet  of  seeds  to  a  winter  diet  of  leafy  material, 
there  was  an  increase  in  weight  of  ventriculus,  in  weights 
and  lengths  of  small  intestine  and  caeca,  and  in  length 
of  villi  of  the  small  intestine,  though  there  was  little 
change  in  the  large  intestine. 
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The  average  monthly  weights  and  lengths  of  measured 
internal  organs  of  grouse  collected  over  the  year  are 
shown  in  Figures  6,  7,  8,  9,  10,  11,  12,  13,  14,  and  15. 

The  data  for  each  sex  were  lumped  from  May  through 
October  (summer)  and  November  through  April  (winter)  and 
the  differences  tested  for  significance.  Although  there 
were  no  significant  differences  in  total  weight  or  in  the 
muscles  weighed  for  these  times  (section  5),  the  following 
measurements  of  organs  were  highly  significantly  greater 
in  the  winter  in  both  sexes:  weight  of  empty  proventr i cu¬ 

ius  ,  weight  of  empty  ventriculus,  weight  of  empty  large 
intestine  with  cloaca,  weight  of  full  caecum,  weight  of 
pancreas,  length  of  caeca  and  length  of  large  intestine 
with  cloaca.  The  small  intestine  weights  and  lengths 
averaged  slightly  more  in  the  winter  than  in  the  summer 
period  but  the  difference  was  not  significant. 

The  changes  In  the  gut  tract  were  not  caused  by  the 
same  factors  as  the  seasonal  hypertrophy  and  atrophy  of 
reproductive  organs,  since  the  gut  tract  changes  of  captive 
birds  fed  a  concentrated  diet  did  not  correspond  to  the 
changes  in  the  wild  birds  (Table  12),  even  though  the  time 
of  breeding  was  similar.  Furthermore,  Lewi n  (pers  .  comm.) 
found  that  in  California  quail  the  gut  tract  could  be 
stimulated  to  change  from  a  "summer  size"  to  a  "winter  size" 
within  two  weeks  of  a  change  in  diet  from  seeds  to  leafy 
foods.  For  these  reasons  it  seems  likely  that  the  changes 

in  the  gut  tract  result  from  stimulation  by  the  foods  them¬ 
selves  . 
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Figure  6.  Mean  lengths  of  small  intestines  of  adult 
spruce  grouse  collected  on  a  monthly  basis 
throughout  the  year  from  the  Swan  Hills, 

A  1  be  r  ta  . 


Figure  7  • 


Mean  lengths  of  caeca  of  adult  spruce  grouse 
collected  on  a  monthly  basis  throughout  the 
year  from  the  Swan  Hills,  Alberta. 
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Figure  8.  Mean  weights  of  pancreas,  of  adult  spruce 

grouse  collected  on  a  monthly  basis  through¬ 
out  the  year  from  the  Swan  Hills,  Alberta. 


Figure  9.  Mean  lenghts  of  large  intestines  and 

cloacas  of  adult  spruce  grouse  collected 
on  a  monthly  basis  throughout  the  year 
from  the  Swan  Hills,  Alberta. 
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Figure  10.  Mean  weights  of  full  small  intestines  of 

adult  spruce  grouse  collected  on  a  monthly 
basis  throughout  the  year  from  the  Swan 
Hills,  Alberta. 


Figure  11.  Mean  weights  of  full  caeca  of  adult  spruce 

grouse  collected  on  a  monthly  basis  through¬ 
out  the  year  from  the  Swan  Hills,  Alberta. 
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Figure  12.  Mean  weights  of  empty  p r ove n t r i c u 1  i  of 

adult  spruce  grouse  collected  on  a  monthly 
basis  throughout  the  year  from  the  Swan 
Hills,  Alberta. 


Figure  13-  Mean  weights  of  empty  ventriculi  of 

adult  spruce  grouse  collected  on  a  monthly 
basis  throughout  the  year  from  the  Swan 


Hills,  Alberta. 
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Figure  14.  Mean  weights  of  empty  crops  of  adult  spruce 
grouse  collected  on  a  monthly  basis  through¬ 
out  the  year  from  the  Swan  Hills,  Alberta. 


Figure  15.  Mean  weights  of  empty  large  intestines 

and  cloacas  of  adult  spruce  grouse  collected 
on  a  monthly  basis  throughout  the  year  from 
the  Swan  Hills,  Alberta. 
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Two  factors  may  account  for  the  need  of  a  general  in¬ 
crease  in  size  of  the  digestive  system  in  winter.  Firstly, 
the  winter  diet  contains  a  great  deal  of  indigestible 
material  (shown  by  metabolizable  energy  trials),  requiring 
the  handling  of  a  greater  volume  than  in  summer  to  obtain 
a  similar  amount  of  nutrients.  Secondly,  an  increase  in 
metabolism  in  winter  through  acc 1  i m  i  t i za t i on  (Delane,  196  8) 
would  produce  an  increase  in  energy,  and  therefore,  food 
required. 

Some  of  the  organs  may  have  additional  unique  reasons 
for  changing  in  size.  In  winter,  feeding  is  over  a  shorter 
period  than  in  summer  because  of  the  decrease  in  day 
length.  The  crop  may  increase  in  capacity  to  provide  a 
reservoir  of  food  during  the  night.  The  ventriculus  may 
not  only  have  more  food  to  grind  in  winter  but  winter  food 
is  tougher  and  probably  more  difficult  to  macerate  than 
summer  food.  It  is  difficult  to  see  why  the  small  intestine 
did  not  hypertrophy  to  the  same  extent  as  the  other  di¬ 
gestive  organs.  It  is  possible  that  the  villi  length  may 
have  increased  in  winter,  as  shown  by  Lewin  (  196  3)  in 
quail,  so  that  the  absorptive  area  may  have  increased. 

8  .  Growth 

Comparison  of  Figures  2  and  16  shows  that  the  total 
weight  of  juveniles  in  October  and  November  was  near  that 
of  adults.  Since  the  total  body  weight  and  the  digestive 
organs'  weights  were  not  significantly  different  between 
the  two  age  classes,  from  December  through  February,  data 
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of  adults  and  juveniles  were  combined  from  this  time  on. 
Pheasants,  which  were  nearly  full-grown,  were  found  to 
have  larger  digestive  organs  than  adults  ( K i r k p a t r i c ,  1944). 

This  situation  does  not  appear  to  be  true  for  spruce 
grouse  as  the  only  measurement  that  was  significantly 
greater  in  juveniles  than  adults  (December  through  February) 
was  small  intestine  length.  As  some  other  digestive  organs 
were  larger  in  adults  at  this  time,  for  example,  empty 
ventriculus,  the  discrepancies  are  probably  a  result  of 
recording  individual  variations  because  of  small  samples. 

Both  captive  and  wild  juveniles  (Figures  16  and  18)  reached 
their  maximum  weight  in  December  indicating  that  termina¬ 
tion  of  growth  of  the  wild  birds  at  this  time  was  not  im¬ 
posed  by  the  diet.  When  captive  birds  were  autopsied, 
excess  fat  was  observed  which  may  account  for  their  weight 
being  greater  than  that  of  wild  birds. 

The  weights  of  liver,  empty  ventriculus,  empty  large 
intestine  with  cloaca,  full  small  intestine  and  caecum 
as  well  as  lengths  of  caeca,  small  intestine  and  large 
intestine  with  cloaca  reached  that  of  adults  by  September 
(Figures  4,  13,  15,  10,  11,  6,  7  and  9  compared  to  Figure 

17).  At  this  time  weight  of  the  digestive  system  was 
proportionately,  though  not  absolutely,  larger  in  juveniles 
than  in  adults.  In  contrast  heart  weight,  like  total  weight, 
was  highly  significantly  less  in  October  and  November. 

From  November  through  February,  however,  differences 

between  juvenile  and  adult  heart  weights  were  not  significant. 


58 


Figure  16. 


Mean  weights  of  spruce  grouse  under  8 
months  of  age  collected  from  the  Swan 


Hills,  Alberta. 
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Figure  17.  Mean  measurements  of  internal  organs  of 
spruce  grouse  under  8  months  of  age 
collected  from  the  Swan  Hills,  Alberta. 
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Figure  18.  Mean  weights  of  spruce  grouse  kept  in 
captivity  for  9  months  or  more  between 
July  1967  and  October  1 9  6  8 . 
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Similar  differences  in  rates  of  growth  have  been  demon¬ 
strated  in  pheasants  (Kirkpatric,  1944)  and  domestic  geese 
(Roberson  and  Francis,  1965). 

The  differences  in  the  measurements  of  adult  and 
juvenile  birds  were  so  slight  from  December  on  that  it 
seemed  justifiable  to  group  all  birds  as  adults  to  in¬ 
crease  the  sample  size. 


CONCLUDING  DISCUSSION 

This  study  taken  as  a  whole,  indicated  that  food  was 
not  the  controlling  factor  of  spruce  grouse  numbers  during 
the  time  and  in  the  place  studied.  Food  was  abundant 
throughout  the  year  and  grouse  were  able  to  exercise  a 
choice  among  foods  available.  The  more  complex  question 
of  food  quality,  on  the  other  hand,  should  receive  further 
study  . 

The  spruce  grouse  studied  lived  on  a  diet  of  conifer 
needles  from  November  through  June,  but  supplemented  this 
diet  with  bog  cranberries  when  available  in  spring. 

Lodgepole  pine  needles  were  the  favored  winter  food  in 
the  area  studied,  but  in  spring  there  was  a  switch  by 
females  to  spruce  needles,  possibly  in  response  to  changes 
in  calcium  and  protein  requirements.  Levels  of  sodium, 
phosphorus  and  calcium  were  low  in  most  foods  consumed  by 
spruce  grouse  but  may  have  been  supplemented  by  minerals  from 
grit  and  soil  which  were  found  to  be  consumed  in  large 
quantities.  The  calorie-protein  ratio  compared  to  the 


- 
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requirements  of  chickens  is  adequate  for  maintenance 
and  laying.  When  the  constituent  amino  acids  of  the  pro¬ 
tein  were  considered  the  level  of  methionine  was  found 
to  be  near  the  marginal  level  for  maintenance  and  below 
the  requirement  for  reproduction.  However,  the  methionine 
level  was  variable  in  the  eight  samples  of  pine  needles 
analysed  for  amino  acids  indicating  that  for  this 
amino  acid  the  technique  of  analysis  may  have  been  un¬ 
reliable.  Furthermore,  other  foods  (spruce  needles  and 
ov e r -w i n t e red  bog  cranberries)  are  consumed  during  re¬ 
production  and  without  amino  acid  analysis  of  these  foods 
the  significance  of  the  possible  low  methionine  of  pine 
is  unknown.  Juveniles  also  utilized  ove r -w i n te red  berries 
to  a  large  degree  in  their  first  month  of  life,  again  raisi 
a  question  of  the  importance  of  these  berries,  but  the 
limited  analyses  of  bog  cranberries  gave  no  indication  that 
they  are  more  valuable  nutrionally  than  any  other  food. 
Pullianinen  et  al .  (1968)  nevertheless  found  them  to  be 

highly  digestible  in  willow  grouse  indicating  that  they  are 
a  good  energy  source. 

If  o v e r -w i n t e r ed  berries  are  necessary  for  repro¬ 
duction,  periodic  fluctuations  in  their  quantity  could 
be  important  to  chick  survival,  either  directly,  since 
they  are  a  food  of  chicks,  or  indirectly  through  an  effect 
on  the  quality  of  eggs  that  produced  the  chicks.  Opposing 
this  suggestion,  King  (1968)  did  not  find  a  correlation 
between  spring  foods  and  chick  survival  in  blue  grouse. 
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Crude  fiber  digestion  occurs  at  a  higher  rate  in  the 
caeca  than  in  the  intestines.  However,  the  quantity  of 
crude  fiber  entering  the  caeca  is  so  slight,  that  its 
digestion  there  is  of  no  relevance  to  the  total  nutritional 
picture  of  the  grouse.  I  hypothesize  that  the  main  function 
of  these  large  organs  is  for  the  microbiological  synthesis 
of  substances  such  as  vitamins,  rather  than  the  breakdown 
of  significant  quantities  of  crude  fiber.  Measurements  of 
vitamins  in  the  contents  of  the  caeca  in  comparison  with 
the  food  might  give  valuable  insights  into  this  question. 

The  problems  caused  by  the  high  crude  fiber  content 
of  the  food  is  met  by  an  increase  in  capacity  of  the  di¬ 
gestive  system  in  winter  and  by  a  separation  in  the  ven- 
triculus  of  the  fibrous  material  from  the  more  easily 
digested  constituents  of  food,  presumably  allowing  a  more 
efficient  digestion.  For  grouse  to  be  successfully  kept 
in  captivity  on  their  natural  winter  diet,  they  would 
have  to  be  conditioned  to  the  diet  or  captured  while  on 
it.  This  need  to  adjust  to  the  diet  may  partly  explain  the 
difficulty  experienced  by  Stirling  (1965)  and  Hill  et  al . 
(1968)  in  keeping  blue  grouse  and  ruffed  grouse  in  captivity 
on  natural  winter  food.  The  increase  in  heart  size  in 
winter  may  facilitate  a  greater  need  for  circulation  to 
supply  the  enlarged  gut  tract.  Further  investigation 
might  show  that  acclimatization  in  the  winter  may  also 
produce  a  need  for  a  greater  circulation. 

No  evidence  was  found  of  increased  mortality  of  spruce 
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grouse  in  winter.  It  is  unlikely  that  all  si 
birds  would  have  been  missed  in  sampling,  if 
occurred.  If  food  is  involved  in  population 


ck  and  dying 
a  die  off  had 
regulation 


at  all,  it  appears  more  likely  that  this  regulation  occurs 
in  the  reproductive  phase  of  the  life  cycle  rather  than 
the  winter  phase. 
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APPENDIX  I 


Time  spent 


each  month  collecting  spruce  grouse 


and  number  of  grouse  collected 


MONTHS  OF  YEAR 


APPENDIX  2.  Data  from  Beckman  amino  acid  analyser. 
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Aliquots  analysed  are  1/50  of  sample  hydrolysed 
trace  =  less  than  .005  micromoles 
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